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A METHOD AND AN APPARATUS POR PROPUniMQ MrCRQ^HiPfi 

5 

The invenflon relates to a method and an apparatus for 
producaig mfwo-chfps by usFng Immersion fifiiography. 

SIncd the invenlion of integratecl circuits In 1959, the computing 
power of microprocessors has been doubled every 1 8 months and every three 

1 0 years a new generation of micr<Hshfp8 has been introduced, very time reducing 
the size of electronic devices. This phenomenon Is known as Moore's law. The 
perfontiancB of the micro-chip ie, to a large degree, governed by the size of the 
Individual drcult elements In the mfcio-chlp. A micro-chip in general comprises as 
the drcuit elanente a complex three-dimensior^ struj^rre of aftematfng, 

15 patterned layers of conductors, dtelecMcs, and semiconductor films. As a general 
rule, the smaRerfhe dbcuit dements, the Ixstarthe micro-dilp and the more 
^rations it can perfbmn. Thte i^enomena) rate of ln«e^ In the irtt^iatfon 
density of the nidero-chlps has been sustained in iaige by advances in o^ 
lithography which has been tiie m^od of choice for producing the raicro-cSi^. 

20 A higher degree of integration of ttie drcuit reqidras a shorira- 

wavelength of exposure light used In tiie meftod of producing micro-chips by 
optical lithography. Changing of flie exposure Bghtto shorter \nravelengths, has 
indeed been the method of choice to increase the resolution. However, switdilng 
to shorter wavelengths is becoming Increasingly a daunting task as new exposure 

25 fools and matetlals such as photoresists must be designed. This is a diffiojlt 
enterprise and often results bi Implement^on issues and delays. Therefore chip 
manuf^dursrs gMeraBy tend to postpone the tntroduc^n of a new exposure 
wavelength as long as possible and attempt to prolong the lifetime of an existing 
tet^iwlogy using alternative approaches. Aireac^ for a period ^fime immeiBibn 

30 lithography b considered to be an eflist^e method to Improve ma resoluflni Rmit 
of a given exposure wavelength. Here the air betu/een the bottom lens and wat^ 
In an exposure tool is replaced With a fluid, see for example: A. Taioinashi et al. 
US Patent No. 4480910 (1984). The fluid should la. have a high transparency, ft 
must not Influence the chemistry of the photonesists used to produce the micro- 

35 chip, it must not degrade the surface of the lens. 

immersion lithography is for example possible tor the 
wavelengths 193 nm and 157 nm. Because of ite tran^reney at 193 nm water is 
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Ihe main candidate for immeraion fluid at fh'» wavel^tgthXSee for example: J.H. 
Burnett, 8. Kaplan, Ptooeadings of SPiE, Vol. 6040. P. 1742 (2003). Because of 
fixcepHonal tan^iarency of fluorinated and sUoxane-based compounds al1S7 
nm, such fluids are being considered fbr 157 nm immen^on lithograpliy. 
5 Mm or the invanflon Is to provide a method for produdng mfcaxH 

chips by li^'ng immersion Holography showing ftjr&ier resoluQon enhancement 
Surpri^gly this aim is achieved becau^ the immersion fluid 
comprise an additive so that the refifaclive index of the immer^on fluid higher 
flian the refracOve index of the fluid not comprising the additive, 
f 0 Pi^rabi/ the neflactive index of the immersion fluid is at least 

1 % higher, more prefterably with at least 2%, stiH more prelferably with at least «%, 
most preferably at least 10%. 

Tvwo types of additives may be added. AddiGves which are 
soluble bi the base Hquld and ad(Sflves whidi are insoluble and therefore must 
15 theiBlbre be dispeised as (nano)partlcie8 In the base Itquid. As soluble addiBves. 
both oiganio compounds and Bqfjads, and Inorganic (s^> may be used. In casa 
of water as fluid, exan^es of organic compounds include: various types of 
sugars, alcohols sudi as for ejrample cinnamyl alcohol and etthylene glycol, 2- 
plcollne, ethaxy-(etho3q/^thyi-phosphinoailoylsulfanyl)-aceflc aad ^yl ester and 
20 1-jfluon»'1-(2-hydroxy-phenoxy)-3-mettiyl-2,6-dIhydro-1 H-1 XS-phosphoH-ol. 

Examples of Inoi^anlc salts Indude: mercury monosulphlde, mercuiy(l) bromide, 
ma^casite, calcite, sodium chlorate, lead monoxide, pyrlt©, lead(ll) sulfide. 
copper(il) oxide, lithium fluoride, tin(lV) sulphide, iHhlum niobale and team 
nitrate. As insoluble compounds In watK- both morgantc. oiganio, and metala 
25 nanopartdes m^ be used. The size of fte paifldes are prefbrabiy 10 ttates^ 
more preferable 20 times, and even more preferably 30 t&nes smaller than ttie 
oonasponding ^qiosure wavelength. The volume percentage of flie nanopartides 
in the fluid Is prsierable 10%, mx& preferatdy 2S^, sffli even more preferebfy 
30%, even sifll more preferably 40%. IWost preferably the volume percentage Is at 
30 least 60%, as this reaulte in a fluid having a high reflracfive index, a hh9h 
transparency and low amount of scattering of the Incident light Examples of 
inorganic and metallic nanoparllcies include: Alumina, Alumfrium. Aluminum 
nitride. Aluminum oxide, Antimony pentoxide. Antimony tin oxide. Brass, Calcium 
carbonate, Caldum chloride, Calcium oidde. Carbon blade, Ceiium. Cerium oxide, 
36 Cobalt, Cobalt o«de, Coppa-, Copper oadds. Gold, Hastelloy, Hematite- (alpha. 
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beta. amorphous. epsHon. and gamma). Indhim, Indium tin oxide. Iron. Iion-oobalt 
aBoy. Inw-nlckel alloy. Iran ta&to, lion oxide, tensparent Iron sulphide, 
Lanftanum, Uad sulphide, Uthium manganese osdde. Ulhium tilanate. Uthlum 
vanadium oxide. Luminescent, Magnesia, Magnesium. Magnesium oxide. 
5 MagneHte, Manganese oxide. Molybdenum. Molybdenum oxide. Monfmorinwiite 
day, l^ano oxide suspensions, Nickel, Niobla. Niobium, Niobium oxide, dnicon 
carbide, Silicon dioxide, S»lcon nftride, Silicon nitride. YtWum oxide, Silicon 
nttiide, YtWuni oxide. Aluminum oxide. Silver. Specialty, Stainless steel. Talc, 
Tantalum. Tin, Tin oxide. Titania, Titanium. Titanium diborlde. Titanium dioxide. 
10 Tungsten, Tungsten carbide- cobalt. Tungsten oxide. Vanadium oxide. Yttria. 

Yttrium. Yttrium oxide. Zinc. Zinc oxide. Zirconium, Zirconium oxide and Zirconium 
silicate. 

it is l<nown to fte sidled person how to make stabile dispersions 
of the naiwparticles in fluids liiCB water. 

SuHabie commercially available Ngh Index vuater based 
dtepersions of nanoparttcles. araibraxample: IviYACOt® ZR02 (From IMYACOL), 
CELNAX©. SUNCOLLOID® AMM30S (both from Nissan Chemicals). 

TTte invention also relates to an apparatus for Immeision 
flthography, comprising the ImmerGlon fltdd. 

20 
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CLAIMS 



1 . Method for produdng micrcMdiips by wfrig hnmerBion rithography. 

cshamctieilsed m that ttie immefsion fluid compifees an additfve so that 
5 the refracQve index of the immersion fluid to higher than ttie reflec&ve 

index of VhB fluid not comprising the additive. 
Z Method for producing micro-chips according to daftn 1 . characterised in 

that the refractive Index is at least 1% higher. 

3. IWethod according to daim 1 or 2. characterised In that the fluid 
10 comprises nanoparflcles. 

4. iWethod according to claim 3, characterized in that the partiaes have a 
diameter that is 10 timra smaller than the vi^n/elengtfi of the exposure 
light 

5. . Method according to arqf any of daftns 1-4, characterised In ftat ttie fluid 
15 comprises at least 10 volume % of nanopartlcles. 

e. Method acconfing to any any of daima 1-4, characterised In that the fluid 

comprises at lea^ 50 volume % of nanopartides. 
7. Apparatus for produdng micro-chips, based on the technology of 

Immereion lithography, characterised in ttiat the apparatus comprises the 
20 immereion fluid as defined in any one of daims 1-6- 
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ABSTCACT 

Method for producing micro-chips by using fmmerelon 
Itthography, wherein the immeislon fluid comprfses an additive so that the 
refractlvo Index of the imraeraion fluid is increased rel^ not 
comprising the additive. The exposure light In the method has improved 
resolution, so that mlcro^lps having an increased Integration density are 
obtained. The invention also relates to an apparatus (or immei^on iiihography. 
comprising the immersion fluid. 
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